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(57) ABSTRACT

A performance evaluation method of a vehicle member
includes a calculation process for performing an analysis
using a partial structure CAE model modeling a module
where a member of a vehicle to be evaluated and a collision
test device for conducting a collision test on the member are
combined, and obtaining a value of a collision performance
evaluation parameter in the partial structure CAE model; a
calculation process for determining a boundary condition of
the partial structure CAE model; a calculation process for
determining a test condition of a member collision test device
based on the boundary condition of the partial structure CAE
model; and a test process for conducting a collision test using
a physical member collision test device and a physical mem-
ber, based on the set condition of the member collision test
device.
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1
METHOD FOR EVALUATING COLLISION
PERFORMANCE OF VEHICLE MEMBER,
AND MEMBER COLLISION TEST DEVICE
USED FOR SAME

TECHNICAL FIELD

The present invention relates to a collision performance
evaluation method of a vehicle member performed in a
vehicle development and design stage, and a member colli-
sion test device used for the same.

This application is a national stage application of Interna-
tional Application No. PCT/JP2010/063221, filed Aug. 4,
2010, which claims priority to Japanese Patent Application
No. 2009-181208, filed Aug. 4, 2009, the content of which is
incorporated herein by reference.

BACKGROUND ART

In the vehicle development and design stage, the evaluation
of collision performance of a vehicle body is inevitable, and
a vehicle maker builds a prototype vehicle and performs a
collision test (collision experiment) to check that collision
performance is ensured as desired and then proceeds to mass
production. However, in a case where any member has insuf-
ficient strength, measures are taken to increase the strength of
the member, and then a prototype vehicle needs to be build
again to perform a collision test again. This process needs
much development cost and time, which has a great influence
on the development process.

In order to solve this problem, the collision performance
testing of member units has been performed in the past. Basic
members greatly influencing the collision performance of a
vehicle have been already known in the art, and for example,
in the case of side collision, a center pillar and a side sill are
the most important members. If the performance evaluation
of those members may be performed with the same condi-
tions in a state where those members are mounted to an actual
vehicle body (in a full vehicle state), the cost and time for
manufacturing a prototype vehicle again may be saved.

However, in a case where 3-point bending test or the like is
performed on each of those members separately, compared
with the case a collision test is performed in a state where
those members are mounted in an actual vehicle body, the
support method of the member and the influence exerted by
peripheral members may not be sufficiently reflected, and
therefore the evaluation accuracy is too low to determine
whether or not to adopt the member for an actual vehicle.

Meanwhile, a method of performing collision performance
evaluation of vehicle members on a computer is widely used.
For example, Patent Document 1 discloses a method of evalu-
ating buckling characteristics of a center pillar during a col-
lision by the dynamic explicit method using a computer aided
engineering (CAE) model. The analysis using the CAE model
in a full vehicle state is an effective collision performance
evaluation method since the interaction between the member
subject to the performance evaluation and other members
may be accurately evaluated. However, the collision simula-
tion in the full vehicle state is a very high load, and its
execution needs a great deal of calculating ability and several
days of calculating time. Therefore, it is difficult to perform
the collision simulation a sufficient number of times. In addi-
tion, even if the calculating time is ensured, in the analysis
using the CAE model, it is impossible to exactly reflect the
work hardening occurring in a member fabricating process,
thermal influence during welding, and a rupture phenomenon
of a material. For this reason, to determine whether or not to
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adopt the member in an actual vehicle, the analysis using the
CAE model even in a full vehicle analysis may not ensure
sufficient reliability.

For those reasons, even though various technologies are
being developed, it is still difficult to evaluate the collision
performance of a vehicle member in an efficient and very
accurate manner.

CITATION LIST
Patent Documents

[Patent Document 1] Japanese Unexamined Patent Applica-
tion, First Publication No. 2006-281964

SUMMARY OF INVENTION
Problems to be Solved by the Invention

Inconsideration of the aforementioned problems, an object
of'the present invention is to provide a collision performance
evaluation method of a vehicle member, which allows evalu-
ation of the collision performance of a vehicle member with
areliability equivalent to a collision test in a full vehicle state
using a prototype vehicle, and to provide a member collision
test device used for the method.

Means for Solving the Problem

In order to solve the object, each aspect of the present
invention provides as follows.

(1) A performance evaluation method of a vehicle member
according to one aspect of the present invention includes: a
calculation process (A) which performs an analysis using a
partial structure computer aided engineering (CAE) model
obtained by modeling a combined module of a member to be
evaluated of a vehicle and a collision test device to conduct a
collision test on the member, and which obtains a value of a
collision performance evaluation parameter in the partial
structure CAE model; a storing process (B) which stores the
value of the collision performance evaluation parameter in the
calculation process (A); a calculation process (C) which per-
forms a comparison of the collision performance evaluation
parameter in the partial structure CAE model with a collision
performance evaluation parameter in a previously acquired
full vehicle CAE model, and determines a boundary condi-
tion of the partial structure CAE model so that the difference
in the comparison is in a predetermined range; a storing
process (D) which stores the boundary condition of the partial
structure CAE model obtained in the calculation process (C);
a calculation process (E) which determines a boundary con-
dition of a partial structure collision test device based on the
boundary condition of the partial structure CAE model stored
in the storing process (D); a storing process (F) which stores
the boundary condition of the partial structure collision test
device determined in the calculation process (E); and a test
process (G) which conducts a collision test using a physical
instance of the partial structure collision test device and a
physical instance of the member, based on the boundary
condition of the partial structure collision test device stored in
the storing process (F).

(2) In the performance evaluation method of the aspect (1),
the member to be evaluated may be selected using at least one
of'aanalysis result using the full vehicle CAE model and a test
result of a full vehicle collision test.

(3) In the performance evaluation method of the aspect (1)
or (2), in the calculation process (A), the value of the collision
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performance evaluation parameter may be obtained by the
partial structure CAE model with respect to a member having
a shape different from the member to be evaluated, by using
the boundary condition of the partial structure CAE model
already stored in the storing process (D), and the shape of the
member where the value of the collision performance evalu-
ation parameter satisfies a predetermined condition may be
determined, and for the member having the determined
shape, a collision test using the partial structure collision test
device may be performed based on the boundary condition
stored in the storing process (F).

(4) In the performance evaluation method of any one of the
aspects (1) to (3), the performance evaluation parameter of
the partial structure CAE model obtained in the calculation
process (A) may include at least one of a deformation mode,
a deformation amount, a deformation velocity and a defor-
mation energy.

(5) In the performance evaluation method of any one of
aspects (1) to (4), the partial structure collision test device
may support the member at a single support point or at a
plurality of support points, and the boundary condition of the
partial structure collision test device determined by the opera-
tion process (E) may include at least one of a degree of
rotational freedom, a degree of translational freedom, a defor-
mation resistance and a rotational deformation resistance at
each support point of the partial structure.

(6) A collision tester according to one aspect of the present
invention includes: a single or a plurality of support points
which supports a physical member to be tested; a movable
support portion which applies at least one of a degree of
rotational freedom and a degree of translational freedom to
the physical member; a resistance applying portion which
applies at least one of a rotational deformation resistance and
a translational deformation resistance to the physical mem-
ber; and aload applying device pressing the physical member.

(7) Inthe collision test device of the aspect (6), the movable
support portion may include a rotary shaft, and the resistance
applying portion may include a flywheel connected to the
rotary shaft.

(8) In the collision test device of the aspect (7), the rotary
shaft may include a one-way clutch.

(9) In the performance evaluation method of any one of the
aspects (1) to (5), in the test process (G), the collision test
device according to any one of any one of the aspects (6) to (8)
may be used.

Effects of Invention

In the collision performance evaluating method of the
above aspect (1), the boundary condition of the partial struc-
ture CAE model is determined so that the difference between
the collision performance evaluation parameter in the partial
structure CAE model and the collision performance evalua-
tion parameter in the full vehicle CAE model is in a prede-
termined range. By this process, even in the partial structure
CAE model, as for the full vehicle CAE model, it is possible
to precisely reflect the influence applied from peripheral
members during a collision, and therefore the collision per-
formance of the member may be efficiently evaluated with
substantially the same accuracy as the analysis using the full
vehicle CAE and the actual collision test in the full vehicle
state, by the partial structure CAE model with a small calcu-
lation load. The collision test device of the aspect (6) includes
a support point, a movable support portion, and a resistance
applying portion, and therefore it may reproduce the influ-
ence applied to the member during a collision with good
accuracy, and the test condition may be easily set. The colli-
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sion test device may be used for the collision performance
evaluation method of the aspect (1).

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a flowchart illustrating a method according to an
embodiment of the present invention.

FIG. 2 is a perspective view of a structure of frame mem-
bers of a vehicle.

FIG. 3 is a perspective view of a member collision test
device according to the embodiment.

FIG. 4 is a side view of the member collision test device.

FIG. 5 is a graph showing a matching result of a boundary
condition by a partial structure model CAE analysis.

FIG. 6 is a simulation result of a partial structure collision
using three different kinds of conditions, as the boundary
condition of a support portion of the member collision test
device.

DESCRIPTION OF EMBODIMENTS

Hereinafter, a preferred embodiment of the present inven-
tion will be described. This embodiment may be implemented
as a technical method for evaluating the performance of a
vehicle member. Furthermore, each process of this embodi-
ment may be implemented as a development system executed
using a computer program and system.

FIG. 1 is a flowchart showing each process according to an
embodiment of the present invention. Full vehicle informa-
tion, such as full vehicle collision test results of currently
existing vehicles, full vehicle CAE analysis results of a
vehicle under development and design, or the like, is pre-
served in a database acquiring existing information or the
like. In an information acquiring process, the system acquires
the full vehicle information from the database. The database
is not essential, and an engineer may suitably input necessary
full vehicle information into the system. The full vehicle
information includes information on deformation informa-
tion (collision performance evaluation parameter) in the col-
lision test. Based on the full vehicle information, among
members (a single member or a group of a plurality of mem-
bers) configuring a frame of a vehicle, members having a
great influence on the collision performance (an important
member) are selected.

The selected member will be a subject to analysis and
collision performance evaluation according to the method of
this embodiment. The member may be selected based on
experiences or external information as desired by an engineer
or may be automatically selected by the system. For example,
regarding a plurality of frame members included in a vehicle,
by using at least one of analysis results of a full vehicle CAE
model and full vehicle collision test results, the level of con-
tribution of each frame member on the deformation of the
entire vehicle during the collision test may be calculated, and
then members with the highest level of contribution may be
selected (a member selecting process). For example, regard-
ing the side collision, it is known that a center pillar 1 or a side
sill 2 as shown in FIG. 2 has a great influence on the vehicle
body, and such members may be selected based on this kind
of' knowledge. This embodiment will be described by choos-
ing a composite body of the center pillar 1 and the side sill 2
as an example of the member to be tested.

In addition, in this specification, the member may be a
single part from the viewpoint of processing units or material,
or may be a composite body where a plurality of members are
combined by welding, bonding or bolt fastening as in the
above example. In addition, in the following description, the
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collision test in a state where the member is mounted to a
vehicle (a full vehicle state) will be called a full vehicle
collision test. In addition, the CAE simulation of the full
vehicle collision test will be called a full vehicle collision
simulation in the following description. On the other hand,
the collision test performed in a state where only the afore-
mentioned member is mounted to a collision test device (a
member collision test device) will be called a member colli-
sion test in the following description. In addition, the CAE
simulation of the member collision test will be called a partial
structural collision simulation.

After a member to which the collision performance evalu-
ation will be performed is selected, a module that is the
combination of the member and a member collision test
device which conducts a collision test of the member (for
example, the composite body of the center pillar 1 and the side
sill 2) is designed on the CAE (a partial structure CAE model
design process). Hereafter, a procedure for an engineer to
design a partial structure CAE model according to the
embodiment will be described. In addition, the partial struc-
ture CAE model may also be automatically designed by a
computer system based on previously input information and
target parameters.

The partial structure CAE model is made by modeling a
composite body of a member and a member collision test
device that supports the member, according to the finite ele-
ment method. A collision state of the member using the mem-
ber collision test device may be simulated by the partial
structure CAE model. As the information of the member used
in the partial structure CAE model, in this stage, the data on
shape and properties included in the existing full vehicle
information accumulated in the above database is used.

In the partial structure CAE model, the structure of the
member collision test device actually conducting the colli-
sion test on the member may be freely designed. A member
collision test device corresponding to members of various
shapes may be realized by using a basic frame described
below, and mounting various exchangeable parts thereto. In a
case where a collision test is conducted to a special member,
the basic frame itself may be re-designed.

FIGS. 3 and 4 are diagrams illustrating the member colli-
sion test device according to this embodiment. The member
collision test device includes, as a basic structure, a support
jig 10 that supports the member, and a load applying device 30
that adds a load to the member. The detailed structures of the
support jig 10 and the load applying device 30 of FIGS. 3 and
4 are designed to have shapes particularly suitable for the
member collision test of the center pillar 1 and the side sill 2,
as an example of this embodiment. The member collision test
device, method and program of the present invention are not
limited to the collision performance evaluation of the center
pillar and the side sill, but may be applied to other kinds of
members.

The support jig 10 includes a basic frame (a horizontal base
11, avertical base 12 and an inclined beam 13), and a plurality
of support points 16 and 24 mounted to the basic frame. The
support jig 10 movably supports the member by each support
point. The supporting aspect at each support point will be a
part of boundary conditions given to the member in the partial
collision simulation. The supporting aspect of each support
point is determined by combining a degree of rotational free-
dom and a degree of translational freedom, and a rotational
deformation resistance and a translational deformation resis-
tance corresponding thereto, as described later. Each support
point is mounted to the basic frame through a single or a
plurality of movable support portions and a single or a plu-
rality of resistance applying portions. As a result, each sup-
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port point supports the member with a specific degree of
deformation freedom and a specific deformation resistance.
The parts used as the movable support portion may be, for
example, a cylinder 25, a swing arm 21, a slider, a rotary shaft
20, or the like. The parts used as the resistance applying
portion may be a weight or flywheel with an inertial resistance
(a rotational deformation resistance), a hydraulic cylinder or
air cylinder with a viscosity resistance, a metal spring with a
spring resistance, a brake with a frictional resistance, a resis-
tor material with a plastic deformation resistance (a bending
deformation resistance), or the like. In addition, an inertial
resistance may also be applied by adjusting the weight or
moment of the movable support portion. The resistance char-
acteristics (viscosity resistance, spring resistance, frictional
resistance, and plastic deformation resistance) of each part
which will constitute the movable support portion and the
resistance applying portion are acquired from specification of
the parts or actual measurement values, and are reproduced
on the CAE simulation. The resistance value of each resis-
tance applying portion may vary within a range satisfying the
reproducibility of physical equipment. In this variable range,
the resistance values are set to be suitable values or ranges on
the CAE model, so that the deformation characteristics of the
member on the partial collision CAE model are matched with
the deformation characteristics of the member in the full
vehicle state.

When the structure of the support jig is determined, the
number of necessary support points and the location of each
point in the of support jig are set in consideration of the
connection aspect between the member to be evaluated and
other members, the collision pattern or the like. Accordingly,
a combination of the movable support portions and the resis-
tance applying portions to be used for the support point is set.
During those settings, parts are combined so that the entirety
of the support jig and the load applying device may be actu-
ally build and sufficiently endure the load of the collision test
to ensure sufficient safety at the test. As described above, the
movable support portion and the resistance applying portion
are set for all support points. In addition, in order to simulate
the impact of the collision applied to the member, weight,
initial collision speed, shape ofa colliding portion, a colliding
direction or the like of the load applying device 30 are provi-
sionally designed. In addition, a composite body (module)
including three elements, namely the support jig combined
with the member, the member supported by the support jig,
and the load applying device, is modeled into CAE. In this
state, an initial shape of the partial structure CAE model is
drawn up. At this time, a boundary condition that is given by
each support point to the member is temporarily determined.

As the load applying device, a impacting carriage (an
impactor) striking outward due to a high-output hydraulic
cylinder or a device obtaining speed and energy through a
gravity drop may be used. The load applying device 30 shown
in FIG. 3 is a hydraulic cylinder type impactor carriage.

Next, amember collision simulation is performed using the
drawn partial structure CAE model. In the member collision
simulation, the load applying device 30 of the CAE model is
operated to collide with the member. Through this simulation,
the deformation characteristic of the member may be quanti-
tatively measured based on an evaluation index (a collision
performance evaluation parameter), described later, and it is
compared with a value of the evaluation index in the full
vehicle collision simulation. According to the comparison
result, the configuration of the member collision test device is
further adjusted so that the difference in the corresponding
evaluation index values between the member simulation and
the full vehicle simulation decreases as small as possible. As
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adjusting methods, the movable support portion and the resis-
tance applying portion may be added, removed or substituted,
and the resistance value given by each resistance applying
portion may be adjusted again.

In the simulation using the partial structure CAE model,
the deformation characteristics of the member by the member
collision test device is obtained. A boundary condition of the
member collision test device in the partial structure CAE
model is determined so that this deformation characteristics
satisfies a predetermined condition in view of the simulation
result in full vehicle CAE model. In order to quantitatively
evaluate the degree of agreement of the deformation charac-
teristics, one or more representative evaluation indexes (col-
lision performance evaluation parameters) of the deformation
characteristics of the member are selected, and values of such
evaluation indexes are calculated on each conduct of the
simulation (a calculation process A). The calculated value of
the evaluation index is stored in the system (a storing process
B).

As the evaluation indexes of the deformation characteris-
tics, for example, one or more indexes suitably selected from
distribution of the deformation mode (associated mainly with
plasticity of a part), deformation amount (associated mainly
with part strength and impact intensity), a sectional force at a
specific location, a deformation velocity (associated mainly
with part strength and impact intensity), deformation energy
(associated mainly with impact intensity and plastic defor-
mation) or the like may be used. The adjustment on the CAE
of'the member collision test device and the member collision
simulation are repeated so that the full vehicle collision simu-
lation and the member collision simulation provide those
index values in agreement with as much accuracy as possible
(a calculation process C).

In addition, deformation mode, deformation amount,
deformation velocity, deformation energy or the like of the
member in the full vehicle collision test may be acquired by
analyzing the full vehicle information acquired by the system.
By comparing the results of the full vehicle collision simula-
tion and the member collision simulation, when the values of
all indexes of the deformation characteristics match within a
predetermined allowable deviation, the adjustment of the par-
tial structure CAE model is completed. The system may auto-
matically repeat the simulation until predetermined indexes
match, while the adjustment may be conducted by testing
different combinations of parts and resistance values in each
loop. Alternatively, an engineer may manually change the
model under the assist of the system.

Through the above-explained process, the boundary con-
dition of the partial structure CAE model may be determined
so that the deformation characteristics of the member by the
collision test device on the partial collision CAE model
agrees with the deformation characteristics of the collision
test on the full vehicle CAE model, and the boundary condi-
tion is stored in the system (a storing process D).

The boundary condition stored in the system is used as a
test condition of the member collision test device when an
real collision test is performed later.

A following member shape optimizing process is executed
as necessary. By using the partial structure CAE model stored
in the storing process D, a member shape is improved and
optimized. At the optimization, the member may be improved
not only from the viewpoint of the deformation characteris-
tics during a collision but also from the viewpoint of weight
lightening and cost reduction. In particular, on the partial
structure CAE model, the shape of the member is changed
while the setting of the member collision test device is left
unchanged. With the member having a different shape, a CAE
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part collision simulation is performed to obtain a collision
performance evaluation parameter, and the shape of the mem-
ber is determined so that a value of this collision performance
evaluation parameter satisfies a predetermined target value.
For the shape of the member determined as described above,
the model ensures that the part can be loaded on an actual
vehicle, and in the same time, the part is optimized from the
viewpoint of weight and cost.

Next, amember collision test process by physical instances
of the equipments will be described. In this process, a colli-
sion test is performed on the member by using a member
collision test device with the same operation as the member
collision test device in the partial structure CAE model deter-
mined as explained above. The member collision test device
includes a plurality of support points supporting the member;
a movable support portion endowing at least one of a degree
of rotational freedom and a degree of translational freedom to
the member; a resistance applying portion endowing at least
one of a rotational deformation resistance and a translational
deformation resistance to a physical instance of member; and
aload applying device pressing the physical instance of mem-
ber. As the setting ofthe member collision test device, support
points determined by the partial structure CAE model are
mounted to a basic frame of the physical actual equipment by
the movable support portion and the resistance applying por-
tion. In a case where a resistance value of the resistance
applying portion such as a brake pressure is variable, this
variable resistance value is also set based on the analysis
result using the partial structure CAE model. Simultaneously,
the configuration and setting of the load applying device 30
are also set based on the analysis result by the partial structure
CAE model. Specifically, for example, location and striking
direction of the impactor carriage with respect to the member
are adjusted to match with the state in the partial structure
CAE model. In addition, a pressure of an launching hydraulic
cylinder of the impactor carriage is suitably set so that the
initial speed of the impactor may be reproduced as identical to
the simulation on the CAE model.

In the setting of the physical instance of the collision test
device, when each support point of the physical instance of
the member collision test device supports the member, it is
required to match the supporting aspect, such as rotational
resistance and translational resistance applied to the member,
with the conditions determined on the partial structure CAE
model. Based on the boundary condition in the partial struc-
ture CAE model stored in the storing process D, the test
condition of the member collision test device is determined (a
calculation process E). The member collision test device on
the partial collision CAE model and the physical member
collision test device basically have the same specification,
and therefore the boundary condition determined in the par-
tial collision CAE model may be used as it is as a test condi-
tion of the physical member collision test device. However, in
a case where the boundary condition is used as it is as the test
condition, due to the physical constitution of the testing
device, the ability of the member test device confirmed in the
partial structure CAE model may not be exhibited. In such
cases, the test condition of the member collision test device
may be adjusted so that the collision test device exhibits
desired ability. The test condition of the member collision test
device determined by the calculation process E includes at
least one of a degree of rotational freedom, a degree of trans-
lational freedom, a deformation resistance, and a rotational
deformation resistance, at each support point of the member.
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The determined test condition is stored in the system (a stor-
ing process F).

As described above, the member is supported by the mem-
ber collision test device in which the conditions of the support
points are adjusted, and the collision test is actually per-
formed on the physical instance of the member. The test
condition of the member collision test device obtained from
the analysis results using the partial structure CAE model is
stored in the storing process F, and the collision test of the
member is performed by the member collision test device
based on the information (a test process GG). By doing so, the
collision performance of the member may be evaluated with
the reliability comparable to the collision test in the full
vehicle state of the prototype vehicle.

As described above, according to the present invention,
since the collision performance of a vehicle part may be
evaluated with high reliability, comparable to the collision
test in the full vehicle state of the prototype vehicle, a dra-
matically large number of collision tests can be performed at
alow price. As aresult, itis possible to prevent the unexpected
increase of development costs or processes at a final stage.

In addition, a computer program for implementing the
functions of the collision performance evaluation method of a
vehicle part according to each embodiment of the present
invention may be created. The program may be recorded on a
computer-readable recording medium. Each function may be
performed by executing the program in a computer system.

In addition, the computer system includes an operating
system or hardware required for execution. In addition, the
recording medium includes a magnetic disk, a hard disk, a
magneto-optical disc, CD-ROM, or the like.

EXAMPLE

Hereinafter, an example of the method according to an
embodiment of the present invention will be described. In this
example, the deformation ofthe center pillar 1 and the side sill
2 in a side collision was analyzed. A partial structure CAE
model suitable to the analysis was build and adjusted, and the
simulation of the member collision test and the member col-
lision test device as a physical equipment were performed.

As the full vehicle information, the result of an existing full
vehicle CAE simulation was acquired to analyze deformation
characteristics of the center pillar 1 and the side sill 2 during
a collision. As indexes of the deformation characteristics of
the center pillar 1 used for determining a boundary condition,
a maximum deformation amount L along the colliding direc-
tion of the center pillar and a profile of the entire center pillar
deformed were used. The profiles of the center pillar before
and after the full vehicle collision test are shown in FIG. 5. As
a result of the analysis of the profiles, the maximum defor-
mation amount L of the center pillar before and after the full
vehicle CAE simulation was 234 mm.

By using the evaluation index, the member collision test
device was designed on the partial structure CAE model. The
basic frame of the support jig 10 includes the horizontal base
11 and the vertical base 12 formed at the rear portion of the
horizontal base 11, and the inclined beam 13 is disposed
between them to endure a load of the collision test. Three
support points supporting the composite body of the center
pillar 1 and the side sill 2 are provided in total, one to the upper
portion of the center pillar 1 and two to the right and left of the
lower side sill 2, and a rotation bearing 14 serving as the
movable support portion, a flywheel 17 serving as the resis-
tance applying portion simulating the rotational deformation
resistance, or the like are respectively arranged on the CAE
model at each support point.

10

15

20

25

30

40

45

50

55

60

10

Here, for example, if the flywheel 17 used has a great
inertial moment, the rotational deformation resistance of the
lower support point 16 increases during the collision test, and
if the flywheel 17 used has a small inertial moment, the
rotational deformation resistance of the lower support point
16 decreases. The inertial moment of the flywheel 17 was
adjusted so that the deformation of a selected part at the full
vehicle collision is most appropriately simulated. In addition,
even though it is determined as optimal in this example to use
only the flywheel 17 in order to simulate the rotational defor-
mation resistance of the support point 16 as described above,
it is also possible in some cases that a brake be arranged
accessorily or that a stopper for blocking deformation over a
predetermined level be combined to have a more suitable
boundary condition.

On the partial structure CAE, the following movable sup-
port portion was further designed. In consideration of the
vertical deformation amount of the center pillar 1 after the full
vehicle collision, a swing arm 21 (a movable support portion)
which is movable with a shaft 20 as a pivot as shown in FIG.
4 was disposed at the upper end portion of the vertical base 12.
A rotary shaft 23 having a flywheel 22 (resistance applying
portion) for simulating the rotational deformation resistance
was disposed at the front end portion of the swing arm 21,
similar to the lower portion. The upper end portion of the
center pillar 1 was fixed to the center portion of the rotary
shaft 23. The rotary shaft 23 and the flywheel 22 configure the
upper support point 24. Further, a cylinder 25 extending in an
inclined upper direction from the horizontal base 11 is dis-
posed at the swing arm 21 on the CAE model. This structure
simulates a bending deformation resistance or the like applied
from the vehicle body at the full vehicle collision test when
buckling occurs at the center pillar. In the full vehicle state,
since the upper end portion of the center pillar 1 is supported
by a ceiling structure which may be easily deformed in com-
parison to the lower side sill 2, from the viewpoint of the
design ofthe support jig, the combination of the swing arm 21
and the rotary shaft 23 was adopted. In this design, it is
possible to adjust the degree of rotational freedom and its
rotational deformation resistance with regard to the lower
support point 16, and the degree of rotational freedom and its
rotational deformation resistance and the degree of transla-
tional freedom and its deformation resistance with regard to
the upper support point 24. In addition, the load applying
device 30 on the partial structure CAE model is disposed with
the location and angle by which the same load as the side
collision is applied to the center pillar 1 supported by the
support jig.

Regarding the collision simulation of the partial structure
CAE model, the impactor was set to have amass of350kgand
an launching speed of 20 km/h. While adjusting the weight of
the flywheel of each support point, the simulation was repeat-
edly performed.

In the front half of the partial collision simulation, the
flywheels 17 and 22 rotated in a consistent direction, but the
reserved rotating energy further distorts the side sill even after
the termination time of the collision phenomenon, thereby
increasing the overall deformation. As aresult, a gap from the
full vehicle CAE result increased. Therefore, the CAE model
was adjusted so that the rotational resistance only in a specific
direction is transferred from the flywheel to the rotary shaft.
In the physical equipment, the test condition equivalent to this
model may be realized by installing a one-way clutch
between the rotary shaft and the flywheel.

The result of the partial structure collision simulation using
the partial structure CAE model completely adjusted by the
method of this embodiment is shown in FIG. 5.
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As a result of the adjustment of each component of the
support jig, such as the moment of the flywheel or the like, as
shown in FIG. 5, the maximum deformation amount L of the
center pillar after the simulation becomes 226 mm, which is
within the range of the target deviation. In addition, the profile
of'the entire center pillar matched to the full vehicle state with
good accuracy, and therefore the adjustment of the CAE
model is completed at this stage.

FIG. 6 is a partial structure CAE simulation result clearly
showing an aspect where the displacement of the center pillar
ata collision is influenced by whether the boundary condition
of the support portion of the member collision test device is
matched. In this test, using the partial structure CAE model
completely adjusted as explained above, only the rotational
moment of each flywheel is set to be a variable parameter, and
three kinds of values are given to the parameter to perform the
collision simulation. As described above, the support jig has
3 support points, each supporting the center pillar through the
flywheel. The rotation moments of these flywheels are vari-
able parameters. In the figure, the arrow represents location
and direction of the added load.

(Condition 1: Fixed Rotation) In this condition, the fly-
wheel comes to a fixed state so as not to rotate at 3 support
points.

(Condition 2: Flywheel) In this condition, at 3 support
points, each flywheel has a rotational moment determined by
adjustment, and rotation is allowed in a plane parallel to the
printed face of FIG. 6. The moment amount of each flywheel
is set to most approximately match the full vehicle collision
state. This Condition 2 is identical to the condition of the
partial structure CAE model after the boundary condition is
determined in FIG. 5.

(Condition 3: Rotational Freedom) In this condition, the
rotational moment of each flywheel around the hub bolt is 0.
The center pillar may freely rotate at 3 support points with
respect to the jig.

FIG. 6 shows the profile of the center pillar before the
collision and the shape of the center pillar after the collision
obtained by the partial structure CAE analysis using the
above shown three conditions. The profile of the center pillar
and the impact applied by the collision are identical to those
of the simulation of FIG. 5. Obviously, it is the result of
Condition 2 (Flywheel) that matches most appropriately with
the result the full vehicle CAE analysis shown in FIG. 5.

Meanwhile, in Condition 1 (Fixed Rotation), compared
with the full vehicle CAE analysis result, the displacement
after the collision is calculated to be lower by 32% at maxi-
mum in the vehicle width direction. This result shows that the
displacement amount is estimated drastically lower if an
experiment is performed using a jig whose rotation at the
support portion is completely restrained.

In addition, in Condition 3 (Rotational Freedom), com-
pared with the full vehicle CAE analysis result, the displace-
ment after the collision is calculated excessively by about
51% at maximum in the vehicle width direction. This Condi-
tion 3 is modeled after an experiment where the rotational
resistance applied by the vehicle body to the center pillar is
neglected. For example, in a common 3-point bending test,
since the rotation of a part to be tested at each support portion
is not regulated, its result is expected to be closer to the result
of this Condition 3.

From the above result, it is obvious that the rotational
resistance applied to the center pillar from the vehicle body
gives an important influence on the center pillar displacement
after the collision. In the test using the support jig according
to this embodiment, by performing the member collision test
device which simulates a suitable rotational resistance by
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using a flywheel, the accuracy of the test result may be dra-
matically improved, compared with a member collision test
using a conventional 3-point bending method or a perfectly
fixed jig.

Next, the support point was mounted to a physical support
jig.

As each resistance applying portion of the physical equip-
ment, the flywheel 17 for the lower support point 16 had a
substantially disk shape with a diameter of 500 mm and a
thickness of 100 mm and has a weight of about 154 kg. The
flywheel 22 for the upper support point 24 had a substantially
disk shape with a diameter of 500 mm and a thickness of 35
mm and has a weight of about 54 kg. One-way clutches were
mounted to the bearings of both flywheels 17 and 22, and they
were set to a direction so as to freely revolve in the latter half
of'the experiment. The translational resistance of the cylinder
25 was set to be 5000 kgf (49 kN).

A launching device was set so that the impactor had a mass
01 350 kg and an initial launching velocity of 20 km/h iden-
tical to that on the CAE simulation.

Test 1

According to the above conditions, a member collision test
was conducted using a physical instance of the member of the
center pillar. A substantial difference was found between a
deformation profile of the physical center pillar and a defor-
mation profile on the CAE simulation. The center portion of
the difference was observed on the physical center pillar after
the test was conducted, and a spot fracture was found on the
center pillar in the center portion in the longitudinal direction.
On the CAE simulation, the fracture was not reproduced in
either of the collision simulation of the full vehicle CAE
model or in the collision simulation of the partial collision
CAE model.

Test 2

Therefore, a reinforcing bead was applied by TIG welding
to a location of a separately prepared new center pillar at the
position corresponding to the fracture. In addition, by using
the center pillar after the TIG welding, the member collision
test was conducted again on the physical equipment. As a
result, in the center pillar after the TIG welding, a spot frac-
ture was not observed in either of the TIG welding portion or
the other portions.

Three center pillars after the TIG welding reinforcement
were additionally manufactured, and the physical equipment
member collision tests were conducted three times using the
center pillars. As a result, the maximum deformation amount
L ofthe physical center pillar was 237 mm on average of three
tests. The profile of the center pillar after the deformation also
coincided with the collision test result on the CAE of the full
vehicle and on the CAE of the selected member, with high
accuracy. In any of the three tests, spot fracture was not
observed, and in the three tests, the profiles ofthe center pillar
were substantially coincided from each other. For this reason,
it can be understood that the test using the physical equipment
of'the member collision test device has high reproducibility.

As described above, as an example of the method of the
present invention, the partial collision CAE model was drawn
up, a boundary condition on the CAE was determined, and
then the member collision test was conducted by reproducing
the boundary condition. As a result, for each deformation
evaluation index, it is possible to reproduce the result of the
full vehicle CAE simulation with high accuracy.
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In addition, the spot fracture phenomenon at the collision,
which did not occur in the CAE simulation of the full vehicle
and member collision, was generated when the physical
member collision test was used. In other words, latent prob-
lems of the member, which were not revealed on the full
vehicle CAE simulation and on the member collision CAE
simulation, could be revealed by conducting the partial struc-
tural collision test.

In order to avoid the fracture, the physical center pillar was
reinforced by TIG welding. In this case, the deformation
characteristic of the center pillar on the partial collision CAE
simulation coincided with the deformation characteristic on
the partial collision test using the physical part after reinforce-
ment.

Through the above-shown example, according to this
embodiment, it could be understood that the fracture phenom-
enon or the like, which was not easily reproduced on preex-
isting CAE models, may be easily reproduced on physical
equipments.

INDUSTRIAL APPLICABILITY

In the collision performance evaluation of the present
invention, since the collision simulation is performed using
the partial structure CAE model using the deformation char-
acteristics of the member as an index, it may be ensured that
the boundary condition of the partial structure CAE model
exactly reflects the dynamic influence applied from other
members during a collision, in the full vehicle CAE model.
Therefore, even though a partial structure CAE model with a
small calculation load is used, the collision performance of
the member may be evaluated substantially in the same pre-
cision as the full vehicle CAE or the full vehicle collision test.
Therefore, it is possible to suppress the increase of develop-
ment Costs or processes.

REFERENCE SIGNS LIST

1: CENTER PILLAR

2: SIDE SILL

10: BODY

11: HORIZONTAL BASE

12: VERTICAL BASE

13: INCLINED BEAM

14: BEARING

16: LOWER SUPPORT PORTION
17: FLYWHEEL

20: SHAFT

21: SWING ARM

22: FLYWHEEL

23: ROTARY SHAFT

24: UPPER SUPPORT PORTION
25: CYLINDER

30: LOAD APPLYING DEVICE

The invention claimed is:

1. A performance evaluation method of a vehicle member,

comprising:

an information acquiring process which acquires full
vehicle information calculated by a full vehicle CAE
model,;

a member selecting process which selects a vehicle mem-
ber to be evaluated based on the full vehicle information
that has been acquired;

a CAE model design process which designs a partial struc-
ture CAE model consisting of the vehicle member that
has been selected;

10

15

20

25

30

35

40

45

50

55

60

14

a first calculation process which calculates a collision per-
formance evaluation parameter based on the partial
structure CAE model that has been designed;

a first storing process which stores the value of the collision
performance evaluation parameter that has been calcu-
lated in the first calculation process;

a second calculation process which calculates the collision
performance evaluation parameter based on the full
vehicle CAE model;

a second storing process which stores the value of the
collision performance evaluation parameter that has
been calculated in the second calculation process;

a boundary condition adjusting process which adjusts a
boundary condition of the partial structure CAE model
so that a deviation between the collision performance
evaluation parameter calculated in the first calculation
process and the collision performance evaluation
parameter calculated in the second calculation process is
not more than a predetermined value;

athird storing process which stores the boundary condition
of the partial structure CAE model that has been
obtained in the boundary condition adjusting process;

a boundary condition determining process which deter-
mines a boundary condition of a partial structure colli-
sion test device based on the boundary condition of the
partial structure CAE model stored in the third storing
process;

a fourth storing process which stores the boundary condi-
tion of the partial structure collision test device that has
been determined in the boundary condition determining
process; and

atest process which conducts a collision test using a physi-
cal instance of the partial structure collision test device
and a physical instance of the member, based on the
boundary condition of the partial structure collision test
device stored in the fourth storing process.

2. The performance evaluation method of a vehicle mem-
ber according to claim 1, wherein the vehicle member to be
evaluated is selected using at least one of a analysis result
using the full vehicle CAE model and a test result of a full
vehicle collision test.

3. The performance evaluation method of a vehicle mem-
ber according to claim 1,

wherein, in the calculation process, the collision perfor-
mance evaluation parameter is calculated by the partial
structure CAE model with respect to a vehicle member
having a shape different from the vehicle member to be
evaluated, by using the boundary condition of the partial
structure CAE model already stored in the second stor-
ing process, and the shape of the vehicle member where
the collision performance evaluation parameter satisfies
a predetermined condition is determined, and

wherein, for the vehicle member having the determined
shape, a collision test using the partial structure collision
test device is performed based on the boundary condi-
tion stored in the third storing process.

4. The performance evaluation method of a vehicle mem-
ber according to claim 1, wherein the performance evaluation
parameter of the partial structure CAE model calculated in
the calculation process includes at least one of a deformation
mode, a deformation amount, a deformation velocity and a
deformation energy.

5. The performance evaluation method of a vehicle mem-
ber according to claim 1,

wherein the partial structure collision test device supports
the vehicle member at a single support point or at a
plurality of support points, and
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wherein the boundary condition of the partial structure
collision test device determined by the boundary condi-
tion determining process includes at least one of a degree
of rotational freedom, a degree of translational freedom,
a deformation resistance and a rotational deformation
resistance at each support point of the partial structure.

6. A collision test device used in collision performance

evaluation of a vehicle member, comprising:

a single or a plurality of support points which supports a
physical member to be tested;

a movable support portion which applies at least one of a
degree of rotational freedom and a degree of transla-
tional freedom to the physical member;

a resistance applying portion which applies at least one of
a rotational deformation resistance and a translational
deformation resistance to the physical member; and

a load applying device pressing the physical member,

wherein the collision test device is configured to determine
asupporting aspect of the physical member at each of the
support points based on a boundary condition of a partial
structure CAE model, the boundary condition of the
partial structure CAE model being obtained by follow-
ing steps of:

an information acquiring process which acquires full
vehicle information calculated by a full vehicle CAE
model,;

a member selecting process which selects a vehicle mem-
ber and a collision performance evaluation parameter to
be evaluated based on the full vehicle information that
has been acquired;

a CAE model design process which designs a partial struc-
ture CAE model consisting of the vehicle member that
has been selected;

a first calculation process which calculates a collision per-
formance evaluation parameter based on the partial
structure CAE model that has been designed;

afirst storing process which stores the value of the collision
performance evaluation parameter that has been calcu-
lated in the first calculation process;

a second calculation process which calculates the collision
performance evaluation parameter based on the full
vehicle CAE model;
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a second storing process which stores the value of the
collision performance evaluation parameter that has
been calculated in the second calculation process;

a boundary condition adjusting process which adjusts a
boundary condition of the partial structure CAE model
so that a deviation between the collision performance
evaluation parameter calculated in the first calculation
process and the collision performance evaluation
parameter calculated in the second calculation process is
not more than a predetermined value.

7. The collision test device according to claim 6,

wherein the movable support portion includes a rotary
shaft, and

wherein the resistance applying portion includes a fly-
wheel connected to the rotary shaft.

8. The collision test device according to claim 7, wherein

the rotary shaft includes a one-way clutch.

9. The performance evaluation method of a vehicle mem-
ber according to claim 1, wherein the collision test device
used in the test process comprises:

a single or a plurality of support points which supports a

physical member to be tested;

a movable support portion which applies at least one of a
degree of rotational freedom and a degree of transla-
tional freedom to the physical member;

a resistance applying portion which applies at least one of
a rotational deformation resistance and a translational
deformation resistance to the physical member; and

a load applying device pressing the physical member.

10. The collision test device according to claim 6, further
comprising:

a basic frame including a horizontal base, a vertical base,

and an inclined beam,

wherein the single or the plurality of support points are
mounted to the basic frame.

11. The performance evaluation method of a vehicle mem-
ber according to claim 1, wherein the boundary condition
includes a determination of a maximum deformation of the
member and a profile of the member.

12. The collision test device according to claim 6, wherein
the boundary condition includes a determination of a maxi-
mum deformation of the member and a profile of the member.
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